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Abstract: Water shortages under drought situations can represent significant impacts on urban water supply systems. The 
assessment of those impacts shall be based, ideally, on methods able to represent their severity and relative 
importance, enabling the comparison of impacts in different regions, systems, or water uses. The economic valuation 
of drought impacts can, then, be considered a common denominator for drought impacts’ assessment. The present 
work undertakes a review of some relevant economic valuation techniques applicable to valuation of water use in the 
water supply sector. From this review and envisaging the economic valuation of drought impacts for the urban water 
sector, two methods were considered: (i) use of an urban water supply demand function (direct evaluation) and (ii) 
estimation of additional costs regarding the use of possible alternative water sources to avoid shortages (indirect 
evaluation). Those methods were applied to the Portuguese area of the Guadiana river basin, reproducing the 2005 
drought situation, for which a relevant record of impacts is available. The evaluation of water deficits was based on 
the existent supply capacity (limited by natural availabilities), and also on systems’ possibility of using multiple water 
sources. However, the results obtained from those two methods were quite different. Based on it, the use of the 
demand function for assessment of drought effects in the urban water sector is questioned. The indirect evaluation, 
based on costs of the measures effectively applied during that drought situation, was considered a reasonable method 
to estimate the economic importance of drought effects in urban water supply systems. 
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1. INTRODUCTION 

The planning and management of drought situations must be based on risk management criteria, 
regarding not only the uncertainty of meteorological conditions, but also the vulnerability of 
societies exposed to those situations (Wilhite et al., 2000; Wisner et al., 2004). Thus, the complex 
evaluation of drought situations, combined with the severity of the resulting impacts, enhances the 
importance of providing consistent, understandable, objective and reliable evaluation methods for 
decision-making support (Green, 2003). Those methods could allow society to avert future losses 
through adaptation and preparation for drought situations (Changnon et al., 2000). 

The evaluation of drought impacts is usually framed under different categories, according to the 
type of effects (meteorological, agricultural, hydrological, socioeconomic) (Wilhite and Buchanan-
Smith, 2005; Kraemer, 2007), and is specific for the region under analysis. However, to facilitate 
the comparison of drought impacts on different users, regions, and/or drought situations, the relative 
importance of those effects shall be assessed through a common frame, as, for example, the 
economic valuation of impacts (Markandya and Mysiak, 2010; Ding et al., 2011). 

In some of the existing studies in this field, namely in Dixon et al. (1996), Jenkins et al. (2003), 
Ward et al. (2001; 2006), Valiñas (2006), it is shown that economic valuation techniques can be 
important tools for drought impacts’ assessment. Their main goals are enhanced by Colby (1989), 
Green (2003): (i) to facilitate decision making, using a perceptible type of information, (ii) to clarify 
the relative importance of the components at stake and (iii) to set a common language for 
assessment and discussion among stakeholders. 

Although urban water supply sector has legal supply priority in relation to other uses, there are 
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still some corresponding effects on a significant drought situation: water use restrictions for certain 
activities (e.g. irrigation of green areas, streets cleaning, filling of pools), reduction of demand (due 
to water price increases), or water users’ competition for available resources (Kraemer, 2007).  

In this context, the present work enunciates the main principles of a methodology developed 
specifically for economic valuation of drought effects on urban water supply sector, regarding the 
main supply (water sources) and demand characteristics of a region. It should be noted that this 
methodology was developed envisaging the possible inclusion on a drought management and early 
warning system for Portugal (under development) as the basis of drought’s severity assessment (as 
also referred on Maia et al. (2013)). The present work is, then, structured in: (i) a review of the main 
economic valuation techniques, for assessment of drought impacts importance on urban water 
supply sector (topic 2); (ii) the case study characterization, within the Guadiana’ basin area (topic 
3); (iii) the criteria and choice of the evaluation methods used (topic 4); (iv) the analysis and 
discussion of the results (topic 5) and; (v) a final description of the main conclusions (topic 6). 

2. ECONOMIC VALUATION METHODS FOR WATER USE  

The existing methodologies for estimation of the economic value of water uses, have been 
reviewed, compiled and described in several studies related to water and natural resources economy 
(Gibbons, 1986; Green, 2003; Raucher et al., 2005; Birol et al., 2008). The main valuation methods 
applicable to urban supply sector can be divided into two distinct categories, according to the base 
method for estimation of the economic value: (i) direct and (ii) indirect valuation methods. 

2.1 Direct valuation methods 

2.1.1 Market values 

This method corresponds to the valuation of a commercial good, traded in a competitive market, 
through estimation of consumers’ economic benefits, regarding the price for which the good is 
traded. It can be determined through the demand function (that represents the value the user is 
willing-to-pay (WTP) for consumption of an additional unit of the good), defined attending to 
prices practiced on the region and to local users’ characteristics (income, house types, climate, etc.). 

2.1.2 Stated preference methods 

Corresponds to one of the oldest and widely applied techniques for economic valuation of a 
certain good and is based on the realization of surveys. There are two main types (i) Contingent 
valuation survey: users are directly questioned of how much they would be willing to pay for the 
good or service at stake; (ii) Conjoint analysis survey: different hypothesis are presented to users, 
each one with the associated cost previously estimated. The value of the WTP for a certain option 
can be estimated, based on the selections made by people surveyed. 

2.2 Indirect valuation methods 

When the good is not directly traded (as, for example, the use of water from own sources) or 
there is insufficient data to define the respective demand functions, there are indirect valuation 
methods that can be considered to estimate the economic value of water use. 

2.2.1 Costs of replacement 

This method has the objective to quantify the necessary costs to replace the natural good in 
deficit. Considering, the situation of shortage on water supply volumes, this valuation method 
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assumes that the economic value of the volume in deficit can be estimated through the 
quantification of cost for using alternative water sources. 

2.2.2 Inductive valuation methods 

The most applicable inductive valuation method to the urban supply sector is the benefit transfer 
method. This method considers values or range of values (for example of how much users would be 
willing-to-pay to avoid cuts in water supply, during droughts), from similar economic valuation 
studies that, regarding the characteristics of the analyzed region and/or the typology of study, can be 
considered applicable to the situation in case. 

3. CASE STUDY CHARACTERIZATION 

The case study region is part of the Portuguese area of Guadiana’s river basin. It corresponds to 
the area limited, upstream, by the boundary between Portugal and Spain, and downstream by the 
basin limit correspondent to Alqueva’s dam section (Figure 1). 

 

Figure 1: Location and main water sources of the case study region. 

3.1 Main characteristics of the case study region 

The main characteristics of the area are Vivas (2011): 
§ The low values of annual precipitation (average bellow 600mm), significant asymmetry in 

temporal distribution along the year and high values of evapotranspiration. 
§ Its transboundary nature, since inflows from Spain assumes particular importance for water 

resources management (representing 15 to 40% of inflows to Alqueva reservoir). 
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§ Urban water supply (9%) and agriculture, especially irrigation (90%), as main water uses. 
§ The frequent occurrence of drought situations, with significant impacts for agriculture and 

urban water supply (INAG, 2006). 
The urban public supply is characterized by its dependence on surface storage reservoirs (almost 

70% of total urban supply) but also on important groundwater abstractions both from aquifer 
systems delimited areas (15%) and also from the low productivity area (known as the non-
differentiated area - NDA), corresponding to the entire remaining area (15%).  

Also, regarding the characterization of drought vulnerability of the existing water supply 
systems*, it was possible to verify and conclude that (CPS, 2005; Vivas, 2011): 

§ The water abstractions in NDA are more vulnerable to drought situations since significant 
impacts are registered in systems served exclusively by those kind of sources, with 
consequent application of mitigation measures (as in 2005). 

§ The groundwater abstractions inventoried for emergency situations only were used during 
drought situations (as in 2005).  

§ On systems relying on water sources with higher storage capacity, like reservoirs or 
aquifers, it is possible to verify an almost generalized absence of impacts (including during 
the 2005’s drought situation). 

3.2 Urban water supply systems in the case study area 

Using the mapping information of the Portuguese national inventory of water supply and 
wastewater drainage systems (INSAAR), with the location of the main abstractions, water transport 
pipes, and distribution network (INAG, 2009), it is possible to verify the existence of two main 
types of water systems: (i) the, so-called, autonomous systems (AS), dependent on only one type of 
water source (storage reservoir, aquifer system or NDA), as well as (ii) the integrated systems (IS) 
served by more than one type of water source. 

 

Figure 2: Identification of the main existent water supply systems in the case study area (INAG, 2009). 

                                                
 
* Considering water supply systems constituted by the abstraction, transport and distribution network infrastructures. 
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This way, the main urban supply systems of the case study area were categorized, as compiled in 
Table 1 for the different municipalities of the area (Figure 2), according to the type of supply 
system and the respective water source(s) to which those systems are associated. The volumes 
annually abstracted in each system, per source, were quantified by INSAAR data (INAG, 2009).  

 
Table 1: Characterization of annual water volumes abstraction, by municipality, type of supply system and water 

source (INAG, 2009) 

Municipality Type of Supply System Water Source 
INSAAR data (Mm3/ year) 

2002 2005 2006 2007 2008 
Portalegre Integrated (IS) Storage reservoir 0,43 0,68 0,77 0,83 0,88 

NDA abstractions 0,2 0,41 0,34 0 0 
Autonomous (AS) NDA abstractions 0,11 0,25 0,1 0,18 0,16 

Total (Mm3/ year) 0,74 1,34 1,21 1,01 1,05 
Arronches Autonomous (AS) NDA abstractions 0,21 0,21 0,21 0,15 0,16 

Total (Mm3/ year) 0,21 0,21 0,21 0,15 0,16 
Campo Maior Integrated (IS) Storage reservoir 0,87 0,87 0,87 0,87 0,87 

NDA abstractions 0,83 0,83 0,26 0,25 0,05 
Total (Mm3/ year) 1,7 1,7 1,13 1,12 0,91 

Elvas Integrated (IS) Storage reservoir 1,66 1,66 1,66 1,66 1,66 
Aquifer system 0,27 0,27 0,27 0,27 0,22 
NDA abstractions 0,32 0,32 0,32 0,28 0,23 

Autonomous (AS) NDA abstractions 0.003 0.003 0.003 0.003 0.015 
Total (Mm3/ year) 2,25 2,25 2,25 2,21 2,11 

Borba Autonomous (AS) Aquifer system 0,91 0,78 0,4 0,4 0,66 
Total (Mm3/ year) 0,91 0,78 0,4 0,4 0,66 

Vila Viçosa Integrated (IS) Aquifer system 0,52 0 0,98 0,34 0,52 
NDA abstractions s/d s/d s/d 0 s/d 

Total (Mm3/ year) 0,52 0 0,98 0,34 0,52 
Alandroal Integrated (IS) Aquifer system 0,58 0,92 0,54 0,59 0,53 

NDA abstractions 0,02 0 0,02 0,02 0,01 
Autonomous (AS) NDA abstractions 0,01 0,05 0,01 0,01 0,01 

Total (Mm3/ year) 0,61 0,97 0,57 0,62 0,55 
Redondo Integrated (IS) NDA abstractions 0,02 0,02 0,02 0,02 0,02 

Storage reservoir 0,65 0,3 0,12 0,53 0,22 
Total (Mm3/ year) 0,67 0,32 0,14 0,55 0,24 

Estremoz Autonomous (AS) NDA abstractions 0,01 0,01 0,01 0,01 0,02 
Total (Mm3/ year) 0,01 0,01 0,01 0,01 0,02 

Évora Integrated (IS) Storage reservoir 2,2 2,2 2,1 2,2 2,33 
NDA abstractions 0,22 0,1 0,08 0,09 0,16 

Autonomous (AS) NDA abstractions 0,16 0,15 0,13 0,16 - 
Total (Mm3/ year) 2,58 2,45 2,31 2,45 2,49 

Reg. Monsaraz Integrated (IS) Storage reservoir 1 1,01 0,47 0,19 0,84 0,34 
NDA abstractions 0,01 0,13 s/d s/d 0,83 
Storage reservoir 2 - - - - 1,02 

Total (Mm3/ year) 1,03 0,6 0,19 0,84 2,2 
Mourão Autonomous (AS) NDA abstractions 0,56 0,58 0,51 0,41 0,07 

Integrated (IS) NDA abstractions - - - - 0,21 
Storage reservoir - - - - 0,17 

Total (Mm3/ year) 0,56 0,58 0,51 0,41 0,45 
Moura Autonomous (AS) NDA abstractions 0,01 0,01 0,01 0,01 0,01 

Total (Mm3/ year) 0,01 0,01 0,01 0,01 0,01 
Portel Integrated (IS) Storage reservoir 0,26 0,3 0,08 0,28 0,33 

NDA abstractions 0,18 0,12 s/d 0,3 0,22 
Total (Mm3/ year) 0,44 0,42 0,08 0,58 0,54 
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3.3 Assessment of water deficits in the existing water supply systems 

Regarding the possible occurrence of impacts, due to droughts, a specific methodology was 
considered to estimate eventual water deficits occurring in the existing water supply systems of the 
case study region, in an annual scale, as referred by Vivas (2011) and Vivas and Maia (2012): 

§ The assessment of water deficits is based on the balance between average water demand 
needs dependent on any specific water supply system and the water availability volumes in 
the respective water sources.  

§ The estimation of average demand needs of the existing water supply systems was based on 
water abstractions volumes quantified per system (Table 1).  

§ The water balance assessment of integrated water supply systems is made through 
comparison of the overall water demand needs (dependent on various water sources) with the 
sum of water availabilities in all sources serving the system, representing systems’ flexibility 
to manage availabilities from different sources. 

§ It can be assumed that water demand needs can be reduced, during drought situations, 
through water saving and population awareness. For this procedure an indicative reduction of 
5% was considered acceptable. 

§ The estimation of water availabilities is made in accordance with water sources’ 
characteristics, and regarding the following modeling assumptions (of possible application 
for real past data, or for future precipitation scenarios, at annual scale): 
– Surface water sources (storage reservoirs): The water availability in storage reservoirs 

can be determined through water balance modeling. 
– Groundwater sources: (i) Abstractions in aquifer systems: since there is no model for 

estimation of water availabilities in the aquifer systems of the area, it was assumed that 
those could have a behavior similar to a reservoir and, thus, availabilities could also be 
determined through water balance modeling. To simulate that performance, the 
minimum piezometric level was considered corresponding to the existing abstractions’ 
depth; (ii) NDA abstractions: for abstractions located in this area, water availabilities 
shall correspond mainly to annual recharge and an annual equilibrium must exist 
between water availabilities and demand needs (as they are used without problems in 
normal years). The annual recharge is, then, quantified proportionally to rainfall levels. 

§ In every system where abstractions for emergency use are inventoried, it was considered that 
those abstractions will enter in use under drought situations, reinforcing system availabilities 
in the same proportion of individual abstractions availabilities. 

§ In autonomous systems without emergency abstractions (most vulnerable situation), it was 
considered that availabilities, in normal situations, exceed by a certain margin (assumed 
20%) the estimated water demand needs volume. This attends to the variability on annual 
water abstractions in those systems verified for the period assessed (Table 1).  

§ If water availabilities of the water supply system under analysis are not enough to satisfy 
demand needs, the imbalance between availabilities and demand is considered a deficit. 

 
Once the water deficit is computed for every supply system, the economic evaluation of the 

drought impacts in the region can be estimated for a particular situation in the urban water sector. 

4. METHODOLOGIES FOR SOCIOECONOMIC ASSESSMENT OF DROUGHT 
IMPACTS IN URBAN WATER SUPPLY SECTOR 

Since water is used, at urban level, for multiple purposes, Gibbons (1986) indicates that the 
estimation of the economic value of water for the individual user (water meter) shall be defined 
through demand function curves (representing users’ WTP for consumption of each additional unit). 
Those functions shall be specifically obtained to attend to regional characteristics as water prices 
and users’ characteristics (income, type of household, number of inhabitants per household, etc.). 
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Several authors (Jenkins et al., 2003; Valiñas, 2006; Ward et al., 2001; 2006) considered specific 
methodologies to estimate the economic impact of drought for urban water users using demand 
functions and regarding the evaluation of consumer surplus (Figure 3a). This value corresponds to 
the difference between the real water price (P1) and the willingness-to-pay (WTP) of users for a 
certain water volume (V1), represented through the demand function. When there is a water deficit 
situation, the economic impact of drought can, then, be estimated through the reduction of 
consumer’s surplus, as a consequence of the reduction of water volume used (Figure 3b). 

 

a) b)  

Figure 3: (a) Schematic representation of consumer surplus quantification for a volume (V1), regarding water price 
(P1); (b) Estimation of droughts’ economic impact in urban water systems using the demand function (Vivas, 2011). 

On a different methodological approach, Howe et al. (1994), Dixon et al. (1996), Griffin & 
Mjelde (2000) or Hensher et al. (2006) applied contingent valuation surveys to assess users’ WTP 
for different levels of water supply reliability, but the correspondent results showed significant 
differences. Those demonstrate that, although it is possible to attain a more detailed and grounded 
analysis of users’ WTP with surveys, the corresponding results are always specific for the objective 
and region where the particular analysis performed, thus not being applicable to other areas. 

As an alternative, Raucher et al. (2005) pointed that the economic value of water associated to 
potential water shortages could also be estimated through the necessary costs to increase system’s 
reliability and avoid system’s failure. 

Based on the referred experiences, the application of two possible and alternative methodologies 
for the case study region was considered: (i) a direct valuation method, through consumer surplus’ 
assessment, regarding a demand function specifically derived for Portugal (Monteiro, 2009), and 
(ii) an indirect valuation method, through estimation of additional costs supported by water utilities 
to avoid water shortages during drought situations. 

4.1 Assessment of consumer surplus reduction (demand function) 

Monteiro (2009) presents the definition of a demand function for mainland Portugal, being 
possible to adjust certain parameters to the specific characteristics of the region under analysis. 
Assuming a linear model, the demand function derived (being q monthly water consumption, in 
m3/user) is given by Equation (1): 

q = -1,236.p + 0,079.θ + 0,342.φ + (-3,952. z1’- 5,815. z2’ - 7,353. z3’ – 2,807. z4’) + 5,864 (1) 

with: p – water price (€/m3); θ – per capita income (€ 103 / inhabitant/ year); φ – average annual 
temperature (ºC); zi’ – characteristics of water supply system, being (i) z1’ - % of regular analysis 
(established by law) presenting water quality parameters above limits, (ii) z2’ - % of households 
without basic infrastructures (for shower or sanitation), (iii) z3’ - % of population with more than 65 
years old and (iv) z4’ - % of households with seasonal use. 

It shall be noted that the number of users represents the number of water meters installed by 
utilities, information inventoried in INSAAR (INAG, 2009). In Table 2 is presented the number of 
users (meters), per municipality, and the annual water consumptions, per user (INAG, 2009). 
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Table 2: Characterization of the number of water meters, annual total average water consumptions and per 
consumer/water meter, by municipality, in the case study region (INAG, 2009) 

Municipality Number of 
water meters 

Annual volumes  
(m3) 

Annual volume per consumer  
(m3/meter) 

Portalegre 5.743 759.821 132 
Arronches 1.901 131.130 69 
Campo Maior 4.890 377.698 77 
Elvas 10.936 1.075.205 98 
Borba 2.423 213.679 88 
Vila Viçosa 3.240 297.624 92 
Alandroal 3.857 328.029 85 
Estremoz 573 58.986 103 
Redondo 3.991 850.022 213 
Évora 14.788 2.084.616 141 
Moura 1.667 128.927 77 
Mourão 1.556 114.679 74 
Portel 1.752 180.443 103 
Reguengos de Monsaraz 19 2.110 109 
Total 57.336 6.602.969 - 

 
Therefore, considering: (i) average values of parameters of Equation (1) for the region, 

characterized for the region under analysis, as indicated by Monteiro (2009), (ii) the transformation 
of q (monthly volumes) in Q (annual volumes = 12 x q) and (iii) the inversion of the demand 
function defined in (1), the function resulted in the simplified version defined in Equation (2): 

P = 6,62 – 0,0672.Q (2) 

with: P = €/ m3 (consumers’ willingness to pay (WTP), per unit of water volume consumed); Q = 
m3/ user (annual volume consumed, per user). 

It can be assumed that, the annual water consumption per user can be reduced due to droughts 
(as depicted in Figure 3b) in the same proportion of the water deficit, relative to annual average 
consumptions, quantified per system, in each municipality (as described in topic 3.3). Using 
function (2) and the annual water volumes quantified, per user, in Table , is possible to obtain the 
decrease on individual consumer surplus. The correspondent economic effects, per municipality, 
will be the result of multiplying this value by the number of existing water meters per municipality.  

4.2 Assessment of additional costs to avoid systems’ failure 

Alternatively to the previous described method, the assessment of additional costs that the water 
utility would have to support in order to avoid system’s failure was considered. The economic 
valuation of the impact of drought can, this way, be estimated through quantification of the direct 
costs that the provision of water from alternative water sources would imply. For the region under 
analysis and given the record of drought impacts and adopted measures (CPS, 2005, INAG, 2006), 
made available by the national water authority (APA, former INAG), was possible to conclude that 
the main measures regarding the use of alternative water sources, were (i) the supply of water from 
other sources, transported through water trucks to the more problematic areas, and (ii) the execution 
of new boreholes or rehabilitation of old existing ones. It shall be distinguished that, the supply 
through water trucks corresponds to a temporary and emergency measure, to be adopted under 
drought situations, while the execution of boreholes corresponds to a structural measure, reinforcing 
systems’ reliability for the future, which should be taken into account for future drought situations. 

Specific local information was considered in order to estimate the average costs of these 
measures and also to ensure the representativeness of case study reality (INAG, 2006). For supply 
by water trucks it was considered an average cost of 130€ per 20m3 of water supply. Moreover, 
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since it is impossible to guarantee a significant water deficit through water trucks, was considered a 
limit of 4800m3/month (correspondent to a maximum of 4 refills and supply per day, during 30 
days). Also, it was assumed that this situation could be supported up to a limit of 3 months, 
corresponding to an annual volume of 14.400m3, per municipality. This measure will, then, be 
limited to a first emergency and temporary measure, for small restrictions of water availabilities.  

Complementarily, and so, potentially, in situations of more significant water deficits, the 
execution of new boreholes was also considered. Then, whenever a situation of water deficit, in a 
certain system, exceeds 4.800m3/month, or an annual value of 14.400m3, the exceeding value will 
be ensured through new boreholes’ availabilities. Also regarding local information, (INAG, 2006), a 
resulting average cost of 15.000€/borehole was considered. The number of necessary boreholes was 
estimated regarding the average water productivity of the area, per borehole (distinguishing the 
abstractions in NDA or in aquifer systems). 

5. ANALYSIS AND DISCUSSION OF RESULTS  

For analysis and discussion of results it was considered the simulation of the 2005’s drought 
situation, since it was one of the most severe drought situations in the region. Thus, for estimation 
of water demand needs, the values presented for 2002 (Table 1) and not the 2005 values were 
considered, since these last were most possibly already affected by limitations due to (real) 
availability constraints in water sources. 

Both valuation methods were applied for estimation of the economic drought impact in the 
region, for the urban water sector, as presented in Table 3. It shall be noted that the existing 
differences in water volume abstractions per municipality (Table 3) and the values of water volumes 
effectively used (and paid) by the consumers (Table 2) is most probably due to water losses, illegal 
connections, etc., as also referred in INAG (2009). Moreover, the water deficits quantified at 
municipal level were estimated through the comparison of water availabilities at the different water 
sources and the expectable demands. Thus, for direct comparison of results, it was considered that 
those deficits will be proportionally (%) reflected at municipal level to final users, enabling the 
estimation of consumers surplus’ variation. 

Analysing Table 3 information, it is possible to conclude that: 
§ some municipalities present important water deficits, as, for example, the municipalities of 

Arronches, Estremoz, Mourão and Moura, with deficits exceeding 10% of average annual 
water abstraction in the existing water systems; 

§ summing the total economic impact of the region under analysis, consumers’ surplus 
estimated decrease corresponds to an overall impact of about 88.000€ on urban water supply, 
while the additional costs method quantifies a value of about 648.000€; 

§ also, values of impacts at municipal level obtained through consumers’ surplus variation are, 
generally, quite small compared with the correspondent estimations through the additional 
costs method (with the exception of Estremoz and Moura municipalities, due to the small 
annual demand volumes and to the high values of the corresponding deficits). 

§ Since the economic impacts estimated through the demand function are quite low, a 
complementary validation procedure was considered. Regarding the value of Table 2 for 
overall water volumes consumed (6.602.969 m3) and applying, to this value, the percentage 
of water deficit for the whole area (2,41%), it is possible to quantify the average water 
volume deficit for final users (159.132 m3). Since the average water price for the region is of 
0,97€/m3, according to INSAAR data (INAG, 2009), the parcel of water costs’ reduction for 
users (since they do not pay for these volumes in deficit) would represent 154.358 €. This 
parcel is, then, almost two times the value of economic impacts estimated through 
consumers’ surplus variation (88.116€) for the area.  

§ There are several possible reasons for this situation: (i) the fact that the water price in the 
region (0,97€/m3) does not reflect total costs for water utilities (1,27 €/m3), as indicated by 
INAG (2009), distorting the real value of water use, as well as the significance of demand 
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functions derived through water prices; (ii) the fact that the demand functions are normally 
obtained through extrapolation of a small range of prices variation, as noted by Gibbons 
(1986), limiting the analysis of demand variation beyond that range, and; (iii) the fact that 
water consumptions’ changes assumed in the demand function, as a consequence of slight 
price variations, occur mainly through reduction of the less significant household uses, what 
may not be the case during a drought situation. 

 
Table 3: Results, per municipality, of the economic impact of drought in urban water sector, during 2005’s drought 

situation, obtained both through consumers’ surplus variation and through additional costs estimation. 

Municipality Water supply system 
Water 

abstractions 
(m3/ year) 

Water deficit 
(2005’s 

drought) 
(m3/year) 

% 
deficit 

(munic.) 

Consumers 
surplus’ 
variation 

(€) 

Additional costs 
Water 

tenders’ 
supply (€) 

Execution of 
new boreholes 

(€) 

Total 
(€) 

Portalegre 
Integrated (IS) 629.141 0 

1,47% 725 70.720 0 70.720 Autonomous (AS - NDA) 111.169 10.872 
Total 740.310 10.872 

Arronches 
Autonomous (AS - NDA) 209.406 28.977 

13,84% 5.823 93.600 30.000 123.600 
Total 209.406 28.977 

Campo Maior 
Integrated (IS) 1.698.378 0 

0,00% 0 0 0 0 
Total 1.698.378 0 

Elvas 
Integrated (IS) 2.258.034 0 

0,03% 0,25 3.900 0 3.900 Autonomous (AS - NDA.) 3.420 599 
Total 2.265.655 599 

Borba 
Automous (AS - Aquifer) 909.764 11.051 

1,21% 93 71.890 0 71.890 
Total 909.764 11.051 

Vila Viçosa 
Integrated (IS) 524.101 6.366 

1,21% 136 41.470 0 41.470 
Total 524.101 6.366 

Alandroal 
Integrated (IS) 597.679 12.662 

2,13% 425 84.240 0 84.240 Autonomous (AS - NDA) 9.021 269 
Total 606.700 12.931 

Redondo 
Integrated (IS) 667.646 0 

0,00% 0 0 0 0 
Total 667.646 0 

Estremoz 
Autonomous (AS - NDA) 5.000 1.293 

25,86% 13.657 8.450 0 8.450 
Total 5.000 1.293 

Évora 
Integrated (IS) 2.424.525 0 

0,00% 0 0 0 0 Autonomous (AS - NDA) 157.412 0 
Total 2.581.937 0 

Reg. Monsaraz 
Integrated (IS) 1.029.067 0 

0,00% 0 0 0 0 
Total 1.029.067 0 

Mourão 
Autonomous (AS - NDA) 556.218 220.702 

39,68% 45.075 93.600 135.000 228.600 
Total 556.218 220.702 

Moura 
Autonomous (AS - NDA) 9.000 2.326 

25,84% 22.181 15.210 0 15.210 
Total 9.000 2.326 

Portel 
Integrated (IS) 435.269 0 

0,00% 0 0 0 0 
Total 435.269 0 

Total 12.238.451 295.117 2,41% 88.116 483.080 165.000 648.080 

 
The methodology of estimation of additional costs to avoid systems’ failure can, then, be 

considered adequate, at least for a first order economic valuation of drought impacts on urban 
supply sector, in the area. The main strength of this method is to be based on costs of measures 
effectively applied during drought situations (as in 2005’s drought). Finally, is very important to 
note the correspondence between the municipalities with higher economic impacts, estimated with 
this method, and those more affected in 2005, according to the impacts’ record (CPS, 2005; Vivas, 
2011). Nonetheless, the application of this method to other regions and future drought situations is 
recommended, for which appropriate data should be collected for adjustment and validation. 
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6. CONCLUSIONS 

Regarding the importance of the economic valuation of drought impacts, especially for the urban 
water sector, the main economic valuation techniques usually applied to this sector were presented. 

From those, the application of two alternative methods was considered: (i) a direct valuation, 
using the consumer surplus’ variation (through a representative demand function), and (ii) an 
indirect valuation, through estimation of additional costs to avoid water shortages.  

For comparison of both methods a simulation of 2005’s drought situation was performed to a 
case study area within Guadiana’s river basin. Commonly to both methods, the estimation of water 
deficits, in percentage, was made at municipal level, attending to the expected availabilities in the 
main water sources, and the existing demands. Using those percent values of water deficits, to 
quantify drought impacts, at municipal level, it could be concluded that there is a significant 
difference on the results from both methods. The direct method generally assigned low economic 
values to drought impacts on urban water supply in the region, while the indirect method gave more 
reasonable results.  

It can be concluded, therefore, that the economic valuation methods can be used for drought 
assessment, at least as a first order estimation of potential economic impacts, for the urban water 
supply sector. However, since the validation of results can only be based on real economic impacts, 
the systematic and complete record of drought impacts, as well as, of the adopted measures’ costs, 
is fundamental. 
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